In a continuation of chemical investigations of the genus Achillea [9], the aerial parts of A. coarctata afforded two new guaiane derivatives, 1α,6α,8α-trihydroxy-5α,7βH-guaia- 3,10(14) , 11(13) trien-12-oic acid (1) and 1α,6α,8α-trihydroxy-5α,7βH-guaia-3,9,11(13) -trien-12-oic acid (2), in addition to three previously reported metabolites, ligustolide-A (3), arteludovicinolide-A (4) and austricin (5) .
These five identified compounds were obtained from a CH 2 Cl 2 -MeOH extract of A. coarctata and purified by silica gel, Sephadex LH-20 and reverse phase C 18 chromatography. Compound 1 was isolated as a yellowish oil { [ ] 25 D α + 5.2 (c 1.99, CHCl 3 )}. The IR spectrum showed an absorption band at 3448 (OH), 2852 (C=C) and 1737 (C=O) cm -1 . The EI-MS contained a molecular ion peak [M-H] + at m/z 279. By HREI-MS the molecular formula was established to be C 15 H 20 O 5 [M-H 2 O] + , with a peak at m/z 262.1186; calc. 262.1190. The molecular formula was confirmed by 13 C NMR and DEPT spectroscopic analysis. The 13 C NMR spectral data (Table 1) revealed 15 carbon atoms, while their multiplicities were assigned by DEPT analysis. DEPT experimentation allowed the assignment of carbon signals to one methyl at δc 17.5, four methylene carbons at δc 45.8 (C-2), 40.4 (C-9), 123.1 (C-13), and 116.2 (C-14) , two secondary alcoholic carbons at δc 79.4 (C-6) and 72.4 (C-8), one carboxylic carbon at δc 170.2 (C-12), three methionine carbons at δc 124.4 (C-3), 65.1 (C-5), and 51.2 (C-7), and four quaternary carbons at δc 84.4 (C-1), 140.6 (C-4), 145.1 (C-10), and 137.6 (C-11). The 1 H-NMR spectrum of compound 1 showed a downfield signal at δ H 1.90 (brd, J =1.5, H-15), correlated with an olefinic proton at δ H 5.53 (brs, H-3) in the 1 H-1 H COSY spectrum. Exomethylene NMR signals at δ H 6.25 (dd, J = 3.0, 0.8) and 6.18 (dd, J = 3.0, 0.8), as well as at δ H 5.38 (brs) and 5.10 (brs) were assigned to H-13 a,b and H-14 a,b , respectively. Additionally, clear correlations were observed between the signal at δ H 3.85 (ddd, J = 9. 5, 6.5, 1.5, H-8) with those at δ H 2.86 (ddt, J = 11.0, 10.5, 3.0, H-7), 2.65 (dd, J = 13.5, 6.5, H-9α) and 2.50 (dd, J = 13.5, 4.5, H-9β) in the 1 H-1 H COSY spectrum. H-5 appeared as a doublet at δ H 2.67 (J = 10.5), while H-6 appeared as a doublet of doublets at δ H 3.82 (J = 10.5, 9.5) . These spectral data suggested the presence of a guaiane acid skeleton. The assignment of the secondary alcoholic protons at δ H 3.82 and 3.85 was determined by HMQC and HMBC analysis. The signal at δ H 3.82 (dd, J = 10.5, 9.5) showed strong correlations with the carbon signals at δ c 65.1 (C-5) and 51.2 (C-7), and the signal at δ H 3.85 (ddd, J = 9.5, 6.5, 1.5) exhibited strong correlations with carbon signals at δ c 51.2 (C-7) and 40.4 (C-9) in the HMBC spectrum.
The relative stereochemistry of 1 was assigned on the basis of the study of the coupling constants and NOESY experiments ( Figure 2 ). The relative configuration and stereochemistry at C-5, C-6 and C-7 were derived from the coupling constants (J 5,6 = 10.5 Hz and J 6,7 = 9.5 Hz), which were in agreement with the trans-diaxial disposition of the protons at C-5(α), C-6(β) and C-7(α). These results were further supported by the NOESY spectrum, which showed NOE correlations between H-6β and H-8β, and between H-5α and H-7α. Therefore, compound 1 was determined to be 1α,6α,8αtrihydroxy-5α,7βH-guaia-3,10(14),11(13)-trien-12oic acid.
The molecular formula, C 15 H 20 O 5 , for compound 2, was established from the FABMS and confirmed by 1D and 2D NMR spectroscopic analysis. From 1 H and 13 C NMR spectra (Table 1) , compound 2 appeared to be an isomer of 1, with the double bond shift from C10-C14 to C10-C9. The 1 H NMR spectrum of 2 was closely comparable to that of 1, except for an additional broad singlet at δ H 5.44, integrating for one proton (H-9). In addition, the hydroxyl protons, H-6 (δ H 3.95) and H 8 (δ H 4.10), were significantly downfield of those for 1. These results were supported by the 13 C NMR data in which the signal for C-14 at δ C 116.2 (q) that was present in 1, was replaced by a signal at δ C = 128.6 (d, C-9) for 2. The complete 1 H and 13 C NMR spectroscopic analysis with 1 H-1 H COSY, HMQC and HMBC established that compound 2 is an isomer of 1 containing the same configuration and identified as 1α,6α,8α-trihydroxy-5α,7βH-guaia- 3,9,11(13) trien-12-oic acid. The relative stereochemistry of 2 was assigned on the basis of the study of the coupling constants and NOESY experiments ( Figure 3 ). The H-6β resonated as a doublet of doublets at δ 3.95 and showed trans diaxial coupling with the methionine protons H-7 at δ Η 3.10 (J = 9.5 Hz) and H-5 at δ Η 2.69 (J = 11.0). This diaxial coupling permitted the assignment of an α-orientation for H-5 and H-7. This result was further supported by the NOESY spectrum that showed correlations between H-6β and H-8β. Additionally, it showed correlation between 14-CH 3 and H-9, indicating the same configuration of these protons.
Compounds 3 (ligustolide A) and 5 (austricin) were identified from their 1D NMR spectra and by direct comparison (TLC) with authentic samples [9f]. The structure of compound 4 (arteludovicinolide-A) was confirmed by comparison of its NMR spectroscopic data with analogous sesquiterpenes [10] . In conclusion, the chemistry of A. coarctata was in agreement with other species of the genus Achillea especially A. ligustica [9f] and A. crithmifolia [11] .
Macrophages are the first line of defense in innate immunity against microbial infection. Phagocytes engulf and kill microorganisms and present antigens for triggering adaptive immune responses [12] . During phagocytosis, macrophages secrete preformed granule constituents and newly synthesized products that play a critical role in tissue repair [12] . Accordingly, the induction of macrophage proliferation is crucial in the assessment of the innate immunity. To investigate the possible effect of the tested compounds on the growth of Raw 264.7 cells, macrophages were incubated with different concentrations of the compounds for 24 h. The results indicated that treatment with compounds 1 and 2, at doses of 50 and 100 µg/mL, led to a significant induction (P<0.05) in macrophage growth compared with control DMSO-treated cells (Figure 4 ). However, treatment with compounds 4 and 5 resulted in insignificant elevation in macrophage proliferation and treatment with 5 led to an insignificant inhibition of macrophage growth (Figure 4) . Treatment with M-CSF (positive control) induced macrophage proliferation to 178% ± 14.2 of the control. As an in vitro model for inflammation, macrophages were incubated with bacterial LPS, which activates macrophage functions by release of inflammatory mediators, including NO synthetase (iNOS), NO generation, and pro-inflammatory cytokine secretion. Raw 264.7 cells were stimulated by LPS and nitrite levels increased in the cell culture supernatants, since most of the cellular generated NO was immediately converted to nitrites.
Treatment with compounds 4 and 2 resulted in significant inhibition (P<0.001) of the generated NO, as high as 63.8%, and 53.4%, respectively. The half maximal inhibitory concentrations (IC 50 ) of NO by compounds 4 and 2 were calculated from the curve equation of the inhibition percentage using different doses of compounds 4 and 2; values of 19.6 and 23.7 µg/mL were obtained, respectively. Both compounds 2 and 4 can be recognized as NO inhibitors (P<0.05), starting from a dose of 12.5 µg/mL, and subsequently can be recognized as potent anti-inflammatory agents. On the other hand, treatment of LPS stimulated macrophages with compounds 1, 3, and 5 resulted in insignificant inhibition (P>0.05) of the generated NO of 20.5%, 25.7%, and 5.8%, respectively ( Figure 5 ). From our findings, compounds 1 and 2 represent promising stimulatory agents via their significant induction of macrophage proliferation.
Mediators of inflammation include cytokine secretions as well as inflammation mediators, such as nitric oxide (NO) [13] . NO is a highly reactive free radical and it can form a number of oxidation products such as NO 2 , NO 2 • , N 2 O 3 , and S-nitrosothiols [12] . In inflammatory diseases, NO is produced in large quantities by the action of iNOS, and cyclooxygenase-2 (COX-2), [14] leading to inflammatory consequences and persistent pain.
Subsequently, the finding of new anti-inflammatory agents, especially from natural products, represents a real need to help patients with inflammatory diseases. Thus, inhibition of the generated NO by compounds 2 and 4 may be due to a direct scavenging capacity of NO, an inhibition of the iNOS pathway, and/or a modulation of other factors in the NO cascade, such as transcriptional factors.
These findings are similar to those reported for other guaiane type sesquiterpenes [15a,15b] that reveal a strong inhibition of NO generation from stimulated raw murine macrophage 264.7, in addition to inhibition of iNOS gene expression and other proinflammatory cytokines [15b,15c]. Hehner et al. explained the anti-inflammatory activity of sesquiterpene lactones by considering the fact that the combination of the reactive Michael-acceptor system, together with the oxygen-substituted isoprenoid structure, provide potential noncovalent binding sites (for example, hydrogen bonds) [16a] . These binding sites would allow sesquiterpene lactones to interact with complementary sites on the surface of the target molecule(s) [16a] .
Collectively, the aerial parts of A. coarctata afforded two new compounds, 1α,6α,8α -trihydroxy-5α,7βHguaia-3,10(14),11(13)-trien-12-oic acid (1) and 1α,6α,8α-trihydroxy-5α,7βH-guaia- 3,9,11(13) -trien-12-oic acid (2), in addition to three known compounds, ligustolide-A (3), arteludovicinolide-A (4) and austricin (5) . Compounds 1 and 2 are potent inducers of macrophage proliferation, while compounds 2 and 4 can be recognized as promising anti-inflammatory agents.
Experimental
General: 1 H NMR (500 MHz), 13 C NMR (125 MHz) and the 2D spectra were recorded on a JEOL 500 MHz, Lambda spectrometer, with TMS as an internal standard. Mass analyses were recorded on a JEOL SX102A mass spectrometer. IR spectra were recorded on JASCO FT/IR-5300 spectrometer. TLC was conducted on precoated silica gel type 60 (Merck).
Plant material, Extraction and isolation:
The airdried aerial parts of A. coarctata Poir were collected during the flowering stage in August 1998 from Prevala village. Voucher specimens were deposited in the Herbarium of the Institute of Botany, Bulgarian Academy of Science, Sofia. The aerial parts (1.5 kg) of A. coarctata were ground and extracted with CH 2 Cl 2 -MeOH (1:1) at room temperature. The extract was concentrated in vacuo to obtain a residue of 40 g. The residue was fractionated on a silica gel column (6 x 120 cm) eluting with n-hexane (3 L), followed by n-hexane-CH 2 Cl 2 mixtures up to 100% CH 2 Cl 2 , and then CH 2 Cl 2 -MeOH mixtures up to 15% MeOH (2 L of each solvent mixture). The n-hexane-CH 2 Cl 2 (1:1) fraction was purified on a Sephadex LH-20 column (n-hexane-CH 2 Cl 2 -MeOH, 7:3:0.25) to afford compounds 1 (10 mg) and 2 (7 mg). The 100% CH 2 Cl 2 fraction was further purified by Sephadex LH-20 using n-hexane-CH 2 Cl 2 -MeOH (7:4:0.5) to afford compound 4 (10 mg), as well as a mixture of compounds 3 and 5, which were effectively separated by HPLC ( 1α,6α,8α-Trihydroxy-5α,7βH-guaia-3,9,11(13 
